
 

 

 

 

 

 

 

 

 

 

more diffusion pathways to the outer surface to 

produce an Al2O3 layer already at the initial oxidation stage.  

 

 



 

 

 

 

 



 

 

However, the preparation methods of textured MAX phase mentioned above possess some 

disadvantages such as the complexity and high cost in case of SMFA and EFSPS, as well as 

the complexity for the fabrication of products with large size via SPS. Therefore, 

 

 



 

 

 

 

 

 

volume ratio of O2:Ar = 

1:4)  the slurry was dried 

in an oven for 2 days to obtain powders. 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

3.  

SEM images of coarse grain carbide MAX phase powders before and after reactive ball milling 

process are presented in Fig. 2. The nano-laminated and flake-like structure of the coarse 

grained MAX phase powders is evident and in subsequent reactive ball milling procedure, the 

coarse grained MAX phase powders were crushed and the grain size was reduced to less than 

1 m. Additionally, t



 

 

 the peaks of {hk0} 

planes are higher than those of {00l}. 

 

 

 

 

Actually, it might be expected that the orientation degree of the textured MAX phase prepared 

by HP sintering may contribute to a mechanically anisotropic behavior. 



ince the bonding 

between the MX and A layers, i.e. Ti2C or Ti3C2 and Al layers, respectively, in the MAX phase 

crystal structure is relatively weak, shear and delamination along the MX/A interfaces occurs 

resulting in flake formation might be expected [41-46]. Similar observations have also been 

reported for graphene and other nano-layered materials prepared under strong shear forces [47-

50]. The submicron carbide MAX phase flakes are unconstrained during hot pressing, and 

 grains tend to slip along Al atom layers when 

a high shear stress is applied. During hot pressing, the carbide MAX phase grains are already 

exposed to a uniaxial pressure, but actually suffer a complicated micro-scale stress. Regarding 

the grains in which the c-axis which are not parallel to the compression direction, the shear 

stress along the Al atom layers becomes prominent [25]. Therefore, the 

Moreover, as the grain size of MAX phase 

ceramics after reactive ball milling are less than 1 m, which has been verified in Fig. 2, the 

small grains also result in a tendency to slide, rotate and deform during hot pressing sintering. 

Therefore, sub-micron Ti2AlC or Ti3AlC2 flakes after reactive ball milling might result in 

oriented grain growth in this case, which is consistent with EFSPS of highly textured Ti2AlN 

[25] and SPS of fine Cr2AlC powders [26]. Considering the discussion above, as a result, an 

orientation concentration of Ti2AlC or Ti3AlC2 grains along the compression direction has been 

achieved via hot pressing. In addition, the Al ratio of Ti2AlC is larger than that in Ti3AlC2, 

revealing a higher potential for the Ti2C than Ti3C2 atom layers to slide along Al atom layers 

under a high shear stress, which correspondingly implies a possible higher texture degree of 

Ti2AlC.  

 

In order to assess the texture degree of those carbide MAX phase ceramics quantitatively, the 



Lotgering orientation factor )(lf is calculated using the equation )1/()()( 00 PPPlf

[14, 25]. In the calculation of }00{ lf , P and P0 are the ratios of }{/}00{ hklIlI in 

textured samples and standard JCPDS sample, respectively. While in the calculation of }0{hkf , 

P and P0 are replaced by the ratio of }{/}0{ hklIhkI correspondingly. }00{ lI , 

}0{hkI and }{hklI ar

 

 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 



the Al ratio of Ti2AlC is larger than that of Ti3AlC2, 

revealing the higher possibilities for the Ti2C and T3C2 atom layers to slide along Al atom layers 

under a high shear stress, resulting in the possible higher texture degree of Ti2AlC MAX phase, 

being confirmed by the Lotgering factor calculated by the XRD data, therefore, the Ti2C layers 

and Al atoms layers are more concentrated on the TTS and TSS surfaces, respectively, for 

textured Ti2AlC, compared to the existence of Ti3C2 layers and Al atoms for textured Ti3AlC2. 

Second, the larger Al ratio within textured Ti2AlC will provide more access and/or possibilities 

to diffuse to the outer surface to produce Al2O3 layer at the initial oxidation stage. Therefore, 

the above discussion also implies that the anisotropic oxidation behavior of textured Ti2AlC 

should be much more obvious than that of textured Ti3AlC2.. 

 

4. Conclusion 

Textured Ti2AlC and Ti3AlC2 MAX phase ceramics have been successfully fabricated via a 

two-step fabrication. T

{00l} planes of textured Ti2AlC and Ti3AlC2 

ceramics are highly oriented and vertical to the compression direction. On the basis of XRD 

data, t

 

 



 

 

 

 

his work provides a new method to fabricate highly textured carbide MAX phase materials 

by HP sintering, hence, offering a simple and low-cost route for fabricating highly textured 

MAX phases with excellent physical and mechanical performance. In addition, the 

more access and/or possibilities for diffusion to the outer surface to produce 

Al2O3 layer at the initial oxidation stage, implying the significance of the Al ratio for high 

texture and oxidation resistance of carbide MAX phases that are composed of the same 

elements. It provides a guideline for selection and an important factor for a MAX phase as the 



potential structural material with excellent oxidation resistance. 
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